In recent years, reports have shown that two-dimensional material's unique properties provide highly accessible surface areas and abundant active sites for contact with target analyser, electrolyte, and electron during catalytic processes. Herein, cobalt phosphate hydrate nanosheets were synthesised via a mild solvothermal method at 140 °C for 12 h, which were adopted into nanosheet modified glass carbon electrode displaying excellent electrocatalytic performance toward glucose detection in basic electrolyte. Electrochemical analysis showed that cobalt phosphate hydrate based non-enzymatic sensor possesses excellent efficiency and stability, low detection limit, and high anti-interference performance.
INTRODUCTION
Two-dimensional (2D) nanosheet materials have drawn considerable attention in recent years due to their unique properties, extending into multiple and diverse fields such as sensing, electrochemical energy storage, and optoelectronic devices [1, 2] . Transition metal phosphates high electrochemical activities have evoked their use as supercapacitors, electrocatalytic splitting water, electrochemical sensors, and so on [3] [4] [5] . It has been extensively reported that blood glucose concentration levels are related to diagnosis and management of diabetes mellitus and other medical issues [6, 7] . Therefore, the ease and rapidness of monitoring blood glucose levels is of crucial importance. Over the past few years, electrochemical techniques have been exploited to detect glucose due to its unique merits [8, 9] . Numerous nanomaterials exhibit electrocatalytic activity and have been exploited in the construction of electrode materials for nonenzymatic glucose detection [10] . 2D nanomaterials possess high specific surface areas providing reliable electrochemical sensing performance, enhancing sensitivity and stability. To date, the modification of electrode material involves the utilisation of metal oxides, sulphides, and hydroxides, for the purpose of non-enzymatic electrochemical glucose sensors [11] [12] [13] [14] [15] [16] [17] . In this paper, we report the preparation of novel cobalt phosphate hydrate nanosheets via a facile solvothermal method, which were used in the modification of glassy carbon electrode (CPH-GCE). The prepared 2D nanosheet modified electrode displayed high stability and excellent electrocatalytic activity for nonenzymatic glucose detection in basic solution. CPH-GCE showed excellent performances with low detection limit, wide linear range, good stability and high selectivity.
EXPERIMENTAL

Preparation of cobalt phosphate hydrate nanosheets
Typical synthesis of cobalt phosphate hydrate nanosheets is as follows: oleic acid (3.25g), octadecylamine (0.75g), ethanol (4.0 mL), and H2O (4.0 mL) were added to a Teflon-lined autoclave (25 mL) and stirred until a homogeneous mixture was obtained. Co(Ac)4·4H2O (0.1 mmol) and NaH2PO4 solution (0.25 mL, 1 M) were added to the solution, followed by vigorous stirring for 60 min. The Teflon-lined autoclave was sealed and heated at 140 °C for 12 h. The purple product was isolated via centrifugation and washed with ethanol/cyclohexane (v/v=4:1) three times.
Electrochemical measurements
All electrochemical characterisation was performed on an electrochemical workstation (CHI 760E) with a three-electrode system. The bare GC electrode (3 mm) was carefully polished with 1.0, 0.3, and 0.05 μm Al2O3 powder prior to modifications with the catalyst. To prepare catalytic ink, 1.0 mg of the as-synthesised cobalt phosphate hydrate nanosheets was added to ultrapure water (1.0 mL) with ultrasonic dispersion. Then, 5.0 μL of the nanosheet suspension was casted on the GC electrode, and air dried at room temperature generating cobalt phosphate hydrate nanosheets modified GC electrode (CPH-GCE).
RESULTS AND DISCUSSION
Characterisation of cobalt phosphate hydrate nanosheets
Typical SEM images of as-synthesised cobalt phosphate hydrate are shown in Fig. 1a and 1b. Rectangular nanosheets with mean length of ~750 nm, width of ~460 nm, and thickness of several nanometres were observed by TEM with transparency configuration ( Fig. 1c-d ). However, lattice fringes were not detected for cobalt phosphate nanosheets through HRTEM images, indicating the lack of crystallinity of the obtained nanosheets. XRD pattern of the obtained cobalt phosphate sample is exhibited in Fig. 2a , all peaks were indexed well to the standard crystallographic card (JCPDS card no. 34-0844) of Co3(PO4)2·4H2O, indicating that the sample is of pure phase. The element mapping of cobalt phosphate hydrate nanosheets displayed the homogenous distribution of Co, P and O (Fig. 2b) , and, according to EDX characterization, Co/P ratio was ca. 3:2 ( Fig. 2c ) confirming cobalt phosphate hydrate composition. The BET surface area of cobalt phosphate hydrate sample was 11.16 m 2 g -1 , using N2 sorption isotherms ( Fig. 2d ). Therefore, the relatively high surface area and nanosheet structure provide more active sites for electrocatalytic reactions. Electrochemical testing of cobalt phosphate hydrate sample was conducted to evaluate the catalytic performance for nonenzymatic glucose sensing. Fig. 3a shows the cyclic voltammograms (CVs) of CPH/GC and GC electrodes in the absence and presence of 5.0 mM glucose in 0.1 M NaOH solution. Compared with bare GCE, CPH/GC electrode exhibited a rapid increase in current density and two pairs of redox peaks at ~0.31/0.24 and 0.61/0.54 V, respectively, after the addition of 5.0 mM glucose. By increasing the glucose concentration a sharp increase in CPH/GC current density was also observed (Fig. 3b ). Such a response was related to the greater availability of active sites on cobalt phosphate hydrate nanosheets for electrocatalytic reactions.
Nonenzymatic glucose sensor
In alkaline solution, Co(II) on the surface of cobalt phosphate hydrate nanosheets modified electrode was easily transformed to Co(OH)2, which undergoes further oxidation generating CoOOH intermediate. The high valence Co(III) ions in CoOOH electrocatalyticly oxidised glucose to gluconolactone via electro-reduction of Co(III) to Co(II), which corresponds to the obvious redox peaks at ~0.31/0.24 V (Fig. 3a) . In order to provide high current response and avoid oxidation of other small molecules, 0.45 V was chosen as the work potential for i-t experiments. Fig. 3c shows CPH/GC electrode typical amperometric response toward various glucose concentrations at 0.45 V in 0.1 M NaOH solution. Upon stirring the current response increased quickly after each addition of glucose. The calibration curve of glucose detection is shown in Fig. 3d , displaying a linear curve from 0.009 to 1.16 mM (R 2 = 0.9956) and 1.16 to 4.16 mM (R 2 = 0.9932). The as-prepared CPH/GC exhibited good response for nonenzymatic glucose sensing. As shown in Fig. 3c , the detection limit of CPH/GC electrode is 3.9 ìM (S/N=3), which is lower than Co nanobeads/rGO sensor (47.5 ìM) [11] , CoOOH nanosheet arrays sensor (30.9 ìM) [22] , Co3O4 nanocrystals sensor (50 ìM) [25] , Pd-Au cluster (50 ìM) [28] , and Co@Pt nanoparticles sensor (300ìM) [29] . There are two linear concentration ranges for the constructed sensor ( Fig. 3d ), in the low linear concentration range, the sensitivity is higher (251.92 µA mM −1 cm −2 ), and in the high linear concentration range, the sensitivity is lower (139.47 µA mM −1 cm −2 ). Both the sensitivity values of the constructed sensor CPH/GC electrode are higher than that of the reported Co nanobeads/rGO sensor (39.32 µA mM −1 cm −2 ) [11] , Co3O4 nanofibers modified electrode (36.25 ìA mM −1 cm −2 ) [23] and Pd-Au cluster modified electrode (75.3 ìA mM −1 cm −2 ) [28] . The phenomenon of two linear concentration ranges might be attributed to different oxidation kinetics at different glucose concentrations [31] . Glucose oxidation should be dominated by glucose adsorption at low glucose concentration, however, glucose activation became the rate-determining step at high concentration [31] . Many similar phenomena have been reported in the literature [32] [33] [34] [35] . The performances include linear range, detection limit, and sensitivity of the cobalt phosphate hydrate modified electrode (CPH-GCE) were compared with other reported non-enzymatic electrochemical glucose sensors and summarized in Table 1 . The CPH-GCE displays high sensitivity and low detection limit among the modified electrodes. The enhanced performance of the sensor may be ascribed to the unique cobalt phosphate structure with high surface area and large catalytic sites. The selectivity of the modified electrode was also a key factor that influenced performance. As shown in Fig. 4a , the successive addition of 50.0 ìM glucose, 5.0 ìM ascorbic acid (AA), 5.0 ìM uric acid (UA), 5.0 ìM dopamine (DA), 50.0 ìM NaCl, and 50.0 ìM glucose, had negligible responses for the above interfering species. The obtained results showed that CPH/GC electrode exhibited good selectivity toward glucose. The reproducibility and stability of the sensor was examined by measuring the amperometric response to successive addition of glucose. An RSD of 4.72% was attained after twelve successive determinations using the same electrode (Fig. 4b) , highlighting the good reproducibility of the sensor. The experimental data obtained shows that prepared CPH/GC electrode is a candidate for nonenzymatic glucose sensing, possessing good reproducibility and stability. 
CONCLUSIONS
Cobalt phosphate hydrate nanosheets were synthesised and their morphology and composition characterized. The prepared cobalt phosphate hydrate nanosheets possessed abundant surface active sites and displayed excellent electrocatalytic activity for glucose oxidation. Furthermore, the oxidation potential of glucose decreased to only 0.45 V. Therefore, cobalt phosphate hydrate modified glass carbon electrode is a candidate as a nonenzymatic glucose sensor, demonstrating excellent performance and stability, low detection limit, and wide linear range. This research provides new insights into the development of highly efficient nonenzymatic glucose sensors.
